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A B S T R A C T

The absorption properties of chromophoric dissolved organic matter (CDOM) in the East China Sea (ECS) and the
waters off eastern Taiwan (WET) were studied during May 2014. CDOM absorption coefficient (a280) and
spectral slope (S275–295) revealed considerable spatial variations. In the ECS, the values of a280 and S275–295
presented a reverse distribution pattern. In the WET, a280 values were generally low while S275–295 values were
generally high. Vertical distributions of a280 and S275–295 also varied in different regions. Terrestrial input,
phytoplankton production, sediment release or photobleaching may be responsible for the dynamics of CDOM.
Relationships among CDOM related parameters could partly support this conclusion. a280 were also used to trace
different water masses and the result showed that the influence of Changjiang Diluted Water could reach the
outer shelf of the northern ECS, and that the Kuroshio Current had a strong influence on the middle shelf of the
southern ECS.

1. Introduction

Chromophoric dissolved organic matter (CDOM), also known as
colored dissolved organic matter, is the colored fraction of the organic
compounds dissolved in the water. It is a heterogeneous mixture of
organic compounds and ubiquitous in all natural waters (Guéguen and
Kowalcyuk, 2013; Guéguen et al., 2014; Wang et al., 2014). CDOM has
the property of absorbing light in a long spectrum and a fraction of it
may be fluorescing when excited by light in the ultraviolet (UV) and
blue region (D'Sa et al., 2014; Organelli et al., 2014). The absorption
spectrum is log-linearized and decreases exponentially with increasing
wavelengths, which are typical features of CDOM absorption spectra
(Yang and Hur, 2014). The absorbance at certain wavelength can re-
present the CDOM concentration (Yang, 2012; Liu et al., 2014a; Yu
et al., 2016) and the spectral slope of the absorbance spectrum can
represent the sources, ages, or the compositions of CDOM (Helms et al.,

2008; Organelli et al., 2014). CDOM absorption properties may have
close relationships with salinity, chlorophyll a (Chl a), or other para-
meters, which could help in identifying water masses, quantifying
certain parameters, determining origins and so on (Lei et al., 2012;
Matsuoka et al., 2015; Yang et al., 2016).

CDOM plays an important role in the biogeochemistry of natural
waters. The absorption of UV radiation by CDOM can protect organisms
from UV damage, while the absorption of visible light by CDOM may
reduce the amount and quality of the photosynthetically active radia-
tion available to phytoplankton, thus decreasing primary productivity
(Bidigare et al., 1993; Guéguen et al., 2005). In areas where CDOM
concentrations are high, such as coastal regions, much of the ocean
color signature in the blue part of the spectrum is due to CDOM ab-
sorbance, not Chl a absorbance (Coble et al., 1998 and references
therein). High concentrations of CDOM can reduce the photic depth,
resulting in light limitation for deeper waters (Laurion et al., 2000;
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Stedmon et al., 2011). Photo-degradation and microbial degradation of
CDOM can result in the emission of the greenhouse gases such as CO2

and CH4 (Miller and Zepp, 1995; Zhang and Xie, 2015), accelerating
global warming (Tranvik et al., 2009; Zhang et al., 2010a). Reactive
oxygen species can also be produced photochemically from the CDOM,
which may harm aquatic organisms (Blough and Zepp, 1995). There-
fore, it is important to study the dynamics of CDOM in seawater.

China, especially its east coastal region, has been experiencing rapid
economic development in recent decades. As a consequence, the coastal
regions of China have been undergoing obvious environmental de-
gradation, such as eutrophication, frequent occurrence of harmful algal
blooms, elevated productivity, seasonal hypoxia in bottom water, trace
metal pollution and so on (Zhou et al., 2008; Gao and Chen, 2012; Pan
and Wang, 2012; Yu et al., 2013; Gao et al., 2015a, 2015b; Liu et al.,
2015; Xing et al., 2015). The East China Sea (ECS) is a typical epi-
continental sea which is under the influence of heavy urbanization and
industrialization (Gao et al., 2010; Zhang et al., 2010b; Su et al., 2015).
Many industrial and urban centers are located in eastern China along
the ECS coast. In recent decades, high loads of industrial effluents and
domestic sewage have been discharged into the coastal regions of the
ECS (Gao et al., 2010; Zhang et al., 2010b; Su et al., 2015), which could
affect the CDOM concentration, composition, and reactivity (Sun et al.,
2014). The waters off eastern Taiwan (WET) are deep, and the main
stream of the Kuroshio flows northwards through this area and then
enters the ECS after crossing the I-Lan Ridge (Chen et al., 1995; Chen,
1996; Chen and Wang, 2006), which may have profound effect on the
properties of CDOM in the ECS.

Some attention has been paid to the biogeochemistry of CDOM in
the ECS, and a general understanding of its basic geochemistry has been
achieved. Gong (2004) investigated the spatial distributions of CDOM
in the surface waters of the ECS and found that concentrations of CDOM
decreased from the inner shelf near the coast toward the offshore re-
gion, indicating strong influence of terrestrial inputs. Liu et al. (2014b)
investigated the absorption properties of CDOM in the surface water of
the Changjiang Estuary and its adjacent regions and found a northwest
to southeast decreasing trend of CDOM concentrations. Besides, they
found that the CDOM absorption in the surface water of the Changjiang
Estuary sharply increased during phytoplankton blooms and it co-
varied with dissolved organic carbon to some extent (Liu et al., 2014b).
Sun et al. (2014) studied the source and spatial dynamics of CDOM in
the surface water of the Changjiang Estuary. This study showed that the
distribution of CDOM was dominated by allochthonous input, con-
servative mixing, and phase transfer (Sun et al., 2014). In addition,
CDOM in the surface water, bottom water and pore water in the
Changjiang Estuary was studied by Wang et al. (2014), and their results
indicated that concentrations of CDOM in the pore water were much
higher than those in the surface and bottom water. The release of
CDOM from sediments and the loss of CDOM in surface water caused by
photobleaching were responsible for that phenomenon (Wang et al.,
2014). Yu et al. (2016) developed an empirical model to estimate dis-
solved organic carbon concentration based on the absorption properties
of CDOM in the Changjiang Estuary. Little information could be ob-
tained concerning the properties of CDOM in the WET, which may have
profound influence on the biogeochemistry of CDOM in the ECS. Al-
though the above-mentioned endeavors made by researchers have
gained some general understanding of the CDOM properties in the ECS,
the knowledge of the CDOM characteristics and their relationships with
hydrography were still limited. Besides, CDOM absorption properties
have often been used to trace water masses in different sea areas around
the world (Granskog et al., 2007; Stedmon et al., 2010; Matsuoka et al.,
2012), while similar research is rare in the ECS and the WET especially
involving both of them at the same time as related parts.

Therefore, a study on the absorption properties of CDOM was car-
ried out in the ECS shelf, extending approximately from the east of
Zhoushan Archipelago to the north of Taiwan Strait, and the WET in the
Kuroshio Current path (Fig. 1), attempting to investigate the

distribution patterns of CDOM in both surface waters and vertical
profiles, discuss the relationships among CDOM related parameters, and
trace water masses based on CDOM properties. This study involved a
larger water system than those of previous studies, which favored to the
further analysis of CDOM absorption properties in complex water
masses.

2. Materials and methods

2.1. Study area and sampling

The study area includes most parts of the ECS shelf with water
depths between ~ 30–110m and the WET with water depths between
~ 600–5000m (Fig. 1). The ECS is strongly influenced by many rivers,
in which the Changjiang topped the list. The Changjiang is the third
largest river in the world with a large quantity of freshwater discharge
(9.24× 1011 m3 a−1) (Bai et al., 2013). Compared to the ECS, the WET
is influenced relatively less by anthropogenic activities due to relatively
less pollution in the eastern Taiwan (Zhou, 1994; Ling, 1999). The
hydrographic properties of the studied region were markedly influ-
enced by a circulation system, including the Changjiang Diluted Water
(CDW), the Zhejiang-Fujian Coastal Current (ZFCC), the Taiwan Warm
Current (TWC), and the Kuroshio Current (KC) (Liu et al., 2008; Zhu
et al., 2011; Fig. 1).

Water samples in this study were collected with Niskin bottles,
which were mounted on a rosette together with a conductivity-tem-
perature-depth (CTD) profiler, during a cruise from May 22 to June 11
in2014on board R/V Science I (Fig. 1). There were 48 sampling stations
located at the ECS and 7 sampling stations at the WET (Fig. 1). Among
these sampling stations, 6 cross-sections were sampled in vertical pro-
file (DH2, DH4, DH6, DH9, TW1 and TW2; Fig. 1) to reflect the vertical
properties of CDOM, with 3–13 different depths sampled at one station
according to the water depth. Only the surface waters were collected at
the other sampling stations from the depth of ~ 3m. Hydrographic data
were collected by the CTD which recorded depth, temperature and
salinity. Water samples were analyzed for CDOM at depths between 3
and 2000m and Chl a at depths between 3 and 200m.

2.2. Analytical methods

Water samples for CDOM analysis were filtered through pre-
combusted (4 h at 450 °C) 0.7 µm GF/F filters to remove suspended
solids and plankton directly after collection (Lin et al., 2016). The fil-
trate was then collected into glass bottles that had been pre-combusted
at 450 °C for 4 h. Until warmed to room temperature, the filtrated water
samples underwent absorption analysis within 6 h of collection.

Based on Milli-Q water blanks, samples’ absorption spectra were
obtained between 240 and 800 nm at 1 nm intervals using a UV–Vis
spectrophotometer (T6, Persee, China) equipped with 10 cm quartz
cells. The average value of sample absorbance between 700 and 800 nm
was subtracted from the spectrum to correct for offsets due to instru-
ment baseline drift (Yang, 2012). The cuvette was rinsed with Milli-Q
water between individual scans to minimize cross contamination. Ab-
sorbance data were converted to absorption coefficient (aλ: m−1) ac-
cording to the equation (Hu et al., 2002):

=a A λ l2.303 ( )/λ

where l is the path-length of the optical cell in meters, and A(λ) is the
absorbance at certain wavelength. In this study, absorption coefficient
at wavelength of 280 nm (a280) was used as an estimate for CDOM
concentration (Lin et al., 2012; Yang, 2012). 20% of the water samples
were scanned in duplicate and the standard deviations on duplicate a280
measurements for these selected samples were less than 3%. Absorption
coefficients at other wavelengths (325, 350, 355 and 443 nm) were also
calculated to compare with related studies. The spectral slope for the
interval of 275–295 nm (S275–295), which can be used as an indicator of
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molecular weight (Helms et al., 2008) or as a tracer of photochemical
degradation processes (Organelli et al., 2014), was calculated according
to Helms et al. (2008). The standard deviations on duplicate S275–295
measurements for the selected samples were less than 0.2%.

Water samples for Chl a analysis were immediately filtered through
cellulose acetate membrane on board and the filters were stored at
− 20 °C until analysis in laboratory. The Chl a retained on the filters
was extracted with 90% acetone and determined spectro-
fluorometrically (Strickland and Parsons, 1972; Gong et al., 1993,
1995) with a fluorometer (Hitachi F-4600, Japan).

3. Results and discussion

3.1. General hydrography

Fig. 2 illustrates the temperature, salinity and Chl a variations in
surface waters of the ECS and the WET. Surface water (~ 3m) tem-
perature increased seaward from ~ 18 °C in the inshore regions to ~
26 °C in the offshore regions of the ECS while salinity increased seaward
from ~ 26 to ~ 34 across the same area (Fig. 2a and b). In the WET,
surface salinity and temperature both exhibited rather narrow ranges of
variation (salinity: 34.3–34.7; temperature: 26.4–27.9 °C) (Fig. 2a and
b). Concentrations of Chl a presented a seaward decreasing trend in the
surface water of the ECS, ranging from 0.024 to 8.31 µg L−1 (Fig. 2c).

The range for Chl a in the surface water of the WET
was0.033–1.31 µg L−1, which was relatively low compared with cor-
responding value in the inshore regions of the ECS (Fig. 2c).

Temperatures generally decreased from surface waters to bottom
waters in both of the ECS and the WET (Fig. 3). In the ECS, tempera-
tures of bottom waters (average depth of 78m) were ~ 18 °C, while in
the WET, temperatures of deep waters (~ 2000m) decreased to ~ 2 °C
(Fig. 3). Salinity in the ECS stratified in the inshore regions but became
relatively well mixed farther seaward, while in the WET, salinity was
relatively vertically stable (Fig. 3). At some stations in the ECS, the
concentrations of Chl a had maximum values in the subsurface water
and the depths with the subsurface Chl a maxima increased seaward
(Fig. 3). The position with the subsurface maximum values of Chl a in
the WET was not obvious compared with that of the ECS (Fig. 3).

Temperature and salinity can be used to identify different water
masses (Chen et al., 1995; Chen and Wang, 2006). The CDW and ZFCC
are low in salinity and temperature (Chen et al., 1995). The TWC has
relatively high salinity and temperature compared with those of the
CDW and the ZFCC (Chen et al., 1995). The surface water of the KC is
characterized by the highest salinity and temperature among the water
masses that dominated the ECS shelf (Chen et al., 1995). The low
temperature and salinity waters adjacent to the ECS coast could reflect
the northward retreating ZFCC that had previously been transported
southwestward during the northeastern monsoon (Fig. 2a and b; Chen

Fig. 1. Locations of sampling stations in the
East China Sea and the waters off eastern
Taiwan. The cross-sections showed in boxes
were sampled in vertical profile. Other cross-
sections were sampled at surface water. The
sampling stations were classified into six ca-
tegories by the red lines based on the geo-
graphical regions where they located. The
sampling stations in the East China Sea shelf
were classified into five categories according
to the study of Fang et al. (2007) and the rest
were classified as the sixth category. The
name of each category was: (I) estuary, (II)
inner shelf, (III) northern middle shelf, (IV)
southern middle shelf, (V) outer shelf, and
(VI) waters off eastern Taiwan, respectively.
The major currents in the study area are
schematically shown. CDW, ZFCC, TWC and
KC represent the Changjiang Diluted Water,
the Zhejiang-Fujian Coastal Current, the
Taiwan Warm Current and the Kuroshio Cur-
rent, respectively.

Fig. 2. Spatial distributions of temperature, salinity and Chl a in surface water.

F. Zhou et al. Continental Shelf Research 159 (2018) 12–23

14



Fig. 3. Vertical distributions of temperature, salinity and Chl a.
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et al., 2003; Naik and Chen, 2008). The low temperature and salinity
that nearly extended to the outer shelf of the northern ECS could reflect
the influence of the CDW (Fig. 2a and b). The relatively high tem-
perature and salinity off northwestern Taiwan could reflect the path of
the TWC (Fig. 2a and b; Chen et al., 1995). The high temperature and
salinity off northeastern Taiwan could reflect the flow pattern of the KC
(Fig. 2a and b; Chen et al., 1995).

3.2. Absorption properties of CDOM

3.2.1. Spatial distributions of CDOM absorption coefficients
Absorption coefficients at the wavelengths of 280, 325, 350, 355

and 443 nm (a280, a325, a350, a355 and a443) were used in previous
studies to represent CDOM concentrations (Gong, 2004; Hong et al.,
2005; Lin et al., 2012, 2016; Hancke et al., 2014; Li et al., 2014). The
values of a280, a325, a350, a355 and a443 obtained in this study were
significantly correlated (ECS: R2> 0.87; P < 0.001, n= 183; WET:
R2>0.88, P < 0.001, n= 89), supporting a280 as an indicator of
CDOM concentration in the ECSS. Therefore, only a280 was used for
further analysis in this study. a325, a350, a355 and a443 were also shown
in Table 1 to facilitate comparison with previous data. The range of a280
and a325 in the ECS in this study was comparable to those previously
reported for the ECS (Gong, 2004) and the Taiwan Strait (Lin et al.,
2012, 2016). The values of a350 and a355 observed in the ECS and the
WET in this study were generally lower than those reported for the
Changjiang Estuary (Sun et al., 2014), the Pearl River Estuary (Chen
et al., 2004a; Hong et al., 2005), and the Bohai Bay (Li et al., 2014)
(Table 1). The a350 values obtained in this study were comparable with
those reported in Para et al. (2013) for surface coastal waters in the
North East Sector of the Canadian Beaufort Sea shelf where salinity was
higher than 25. The values of a355 and a443 in the ECS in this study were
also comparable with those of the Eastern Bering Sea (D'Sa et al., 2014)
and the polar front in the Barents Sea (Hancke et al., 2014), respec-
tively.

In the whole water systems of the study area, the values of a280
ranged from 0.16to 4.58m−1, with an average value of
1.00 ± 0.85m−1 (Table 1). In the ECS, the values of a280 ranged from
0.26 to 4.58m−1, with an average value of 1.20 ± 0.89m−1 (Table 1).
In the WET, the values of a280 ranged from 0.16to 3.48m−1, with an
average value of 0.66 ± 0.59m−1 (Table 1). The average value of a280
in the ECS was obviously higher than that of the WET. The distribution
of a280 in the surface water of the ECS differed substantively from that
in the WET, with relatively high a280 values in the inshore regions of the
ECS and relatively low a280 values in the offshore regions of the ECS,
while in the WET, the values of a280 were low in the whole region and
did not present obvious seaward decreasing trend (Fig. 4a). Similar to
that of the condition in the inner shelf region around the Kuskokwim

River (D'Sa et al., 2014), high CDOM waters in the inshore regions of
the ECS were likely of terrestrial origin. Gong (2004) and Lei et al.
(2012) reported the spatial distributions of CDOM absorption coeffi-
cients in the ECS in summer with the high-value part in northwestern
region and the relatively low patch in offshore waters, which was
comparable in shape to that of this work.

The vertical spatial variability of a280 presented some different
characteristics at different sampling stations (Fig. 5a-f). In the inshore
regions of the ECS where water column was stratified (Fig. 1; Fig. 3),
CDOM had relatively high concentrations in surface water and gen-
erally decreased with depth (Fig. 4a and b). At some stations in the
inshore or offshore regions of the ECS, CDOM concentrations had re-
latively high values in subsurface or bottom waters (Fig. 5a-d). In the
offshore regions where the water column was relatively well mixed
(Fig. 3), the vertical distribution of CDOM was relatively homogenous
with slight elevations at the subsurface or bottom waters (Fig. 5a-d).
Similar phenomena were also observed in other estuarine-influenced
marine regions (Gardner et al., 2005; Del Castillo and Miller, 2011; Yu
et al., 2016). In the WET, the subsurface maximum a280 values occurred
at ~ 300m depth (Fig. 5e and f). Besides, the values of a280 in surface
and deep waters in the WET were generally low compared with those in
the ECS (Fig. 5a-f). The diffusion of terrestrial water with high con-
centrations of CDOM was responsible for the decreasing trend of CDOM
concentrations with the increase of depth in the inshore regions of the
ECS. In situ production by phytoplankton and diffusion from underlying
sediments should be responsible for the CDOM concentration increase
in the subsurface and the bottom waters, respectively (Boss et al., 2001;
Xie et al., 2012a; D’Sa et al., 2014). Bleached by solar radiation (i.e.,
photobleaching) in surface water, CDOM absorption coefficients de-
graded (Vodacek et al., 1997; Nelson et al., 1998; Swan et al., 2012),
which could explain the relatively low concentrations of CDOM in
surface water of the WET.

3.2.2. Spatial distributions of CDOM spectral slope
Spectral slope, another absorption spectral index, can provide fur-

ther insights into the general characteristics of CDOM (e.g. source and
diagenesis) than absorption values (Carder et al., 1989; Helms et al.,
2008; Fichot and Benner, 2011; Matsuoka et al., 2012; Fichot et al.,
2013; Guéguen et al., 2014). Steeper slopes signify lower molecular
weight material and vice-versa (Blough and Del Vecchio, 2002; Helms
et al., 2008). High values of spectral slopes are often used to diagnose
the past history of photobleaching (Green and Blough, 1994). Besides,
they can also be used as an indicator of newly produced CDOM (Nelson
et al., 2004). Low values of spectral slopes have been linked with ter-
restrial-origin CDOM (Green and Blough, 1994; Del Vecchio and
Subramaniam, 2004; Granskog et al., 2007).

We used spectral slope from 275 to 295 nm (S275–295) that were also

Fig. 4. Spatial distributions of a280 and S275–295 in surface water.
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used in many other studies (Helms et al., 2008; Lin et al., 2012, 2016;
Dainard and Guéguen, 2013; D'Sa et al., 2014; Guéguen et al., 2014) to
study the characteristics of CDOM in this study. The values of S275–295
obtained in this study were comparable to those reported for the
Taiwan Strait (Lin et al., 2012, 2016), the Eastern Bering Sea (D'Sa
et al., 2014), the Canadian Arctic Archipelago, the Baffin Bay, and the
Labrador Sea (Guéguen et al., 2014) (Table 1).

In May 2014, the S275–295 ranged from 0.014 to 0.092 nm−1 in-
cluding both the ECS and the WET, with an average value of
0.032 ± 0.012 nm−1 (Table 1). Values of S275–295 in the ECS ranged
from 0.014 to 0.065 nm−1, with an average value of
0.031 ± 0.009 nm−1. Values of S275–295 in the WET ranged from 0.015

to 0.092 nm−1, with an average value of 0.034 ± 0.016 nm−1.
Average value of S275–295 in the WET was relatively higher compared
with that of the ECS. Fig. 4b shows the distribution of S275–295 in surface
water. The distribution of S275–295 in surface water was in contrast to
that of a280, with relatively low values in the inshore regions of the ECS
and relatively high values in the offshore regions of the ECS and the
WET (Fig. 4b). This indicates that the surface water of the inshore re-
gions of the ECS had relatively higher mean molecular weight of CDOM
than the other parts of the study area, similar to the situation reported
by D'Sa et al. (2014) in the eastern Bering Sea. The terrestrial input of
high molecular weight CDOM contributed much to that phenomenon
(Fig. 4; Fichot et al., 2013; D'Sa et al., 2014; Guéguen et al., 2014; Xu

Fig. 5. Vertical distributions of a280 and S275–295.
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and Guo, 2017).
At some stations in the inshore area of the ECS, the values of

S275–295 generally increased with increasing depth, manifesting that the
mean molecular weight of CDOM decreased with increasing depth
(Fig. 5g and h), likely due to the vertical diffusion of terrestrial high
molecular weight CDOM in the water column. The increasing trend of
S275–295 with the increase of depth was not found at stations DH6-1 and
DH9-1 (Fig. 1; Fig. 5i and j). The release of high molecular weight
CDOM from sediment may contribute to this phenomenon (Boss et al.,
2001; D'Sa et al., 2014). In the offshore regions of the ECS where water
was relatively well mixed (Fig. 3), values of S275–295 were generally
high in the whole water column (Fig. 3; Fig. 5g, i and j). The dominance
of offshore water which had low molecular weight CDOM was likely
responsible for that phenomenon. In the WET, values of S275–295 were
generally high at shallow waters and decreased to relatively constant
values at deep waters (Fig. 5k and l), manifesting that the molecular
weight of CDOM in surface waters was relatively low (D'Sa et al., 2014).
This vertical distribution could be explained by the strong photo-
bleaching in shallow water, which could degrade CDOM constituents
and yield high spectral slopes (Swan et al., 2012).

3.3. CDOM properties as environmental indications and relationships
among CDOM-related parameters

As shown above, the study area had different CDOM characteristics
in different regions. Based on Fang et al. (2007), the ECS shelf could be
divided into five subregions, namely estuarine area, inner shelf area,
northern middle shelf area, southern middle shelf area and outer shelf
area, according to the sediment mass accumulation rate (Fang et al.,
2007). To further examine the CDOM properties and their relationships
with other parameters, all sampling stations in this study were divided
into six categories. As shown in Fig. 1, in addition to the five categories
of sampling stations in the ECS shelf referenced to the boundaries
showed in Fang et al. (2007), the sampling stations in the WET was
classified as the sixth category. According to the understanding of water
masses in the study area (Fig. 1), it could be found that the sampling
stations of category I is mainly influenced by the CDW, category II is
mainly influenced by the ZFCC, category VI is mainly influenced by the
KC, category III may be influenced by the CDW and TWC, category IV
may be influenced by the ZFCC, the TWC and the KC, and category V
may be influenced by the CDW and the KC.

3.3.1. CDOM properties as environmental indications
CDOM properties have often been used to trace water masses (Gong,

2004; Granskog et al., 2007; Lei et al., 2012; Lin et al., 2012; Matsuoka
et al., 2012; Sasaki et al., 2014). Lei et al. (2012) reported that the low
salinity plume in the ECS coincided with the region where high values
of absorption coefficients dominated, indicating that the absorption
coefficients of CDOM may be used to trace water masses. Gong (2004)
studied the absorption coefficients in the surface water of the ECS and
found that higher concentrations of CDOM were mostly contributed by
river runoff while the offshore low concentrations of CDOM were
strongly influenced by the Kuroshio waters. Although the previous
studies had obtained some basic understanding of the relationship be-
tween the distributions of water masses and CDOM in the ECS, their
quantitative linkages in a greater study area remain to be explored.
Using our new data in the ECS and WET, the spatial characteristics of
CDOM absorption properties coupling with water masses in different
geographical regions of the study area are summarized below.

For the sampling stations in a certain category, the average value of
a characteristic parameter could reflect the general feature of the water
mass influencing these stations to some extent. The average values of
a280 of the sampling stations in categories I-VI were 1.78 ± 1.17,
1.14 ± 0.77, 1.30 ± 0.70, 0.89 ± 0.78, 1.28 ± 1.03 and
0.61 ± 0.59m−1, respectively, presenting a descending order of
I> III>V> II> IV> VI by regions (Table 2). From these average

values, we could conclude that the CDW had the highest CDOM con-
centration, the KC had the lowest CDOM concentration, and the CDOM
concentration of the ZFCC was relatively low compared with that of the
CDW. The average CDOM concentrations of the sampling stations in
categories III and V were close to those of the sampling stations in
category I, indicating that the northern part of the study area was
dominated by the CDW. The average CDOM concentration of the
sampling stations in category IV was close to that of the sampling sta-
tions in category VI, manifesting the influence of the KC on the middle
shelf of the southern ECS. These results are consistent with the afore-
mentioned conclusion obtained from the distribution patterns of tem-
perature and salinity in the study area (Section 3.1; Fig. 2a and b). The
values of S275–295 of the sampling stations in categories I and III were
relatively low and varied with a small range (Table 2), suggesting
predominance of high molecular weight CDOM at the stations of cate-
gories I and III (D'Sa et al., 2014; Guéguen et al., 2014). Values of
S275–295 in other categories varied with a large range (Table 2), sug-
gesting multiple sources of CDOM in the regions where the sampling
stations of these categories located (Astoreca et al., 2009).

3.3.2. Relationships among CDOM-related parameters
Fig. 6a shows the relationships of absorption coefficient (a280) with

salinity in different categories. The a280 in categories I, II and III showed
significant inverse relationships with salinity (category I: R2 = 0.40,
slope = −0.35, P < 0.001; category II: R2 = 0.40, slope = −0.27,
P < 0.001; category III: R2 = 0.52, slope = −0.41, P < 0.001). This
relationship suggested a near-conservative mixing of terrestrial CDOM
with seawater in the ECS, as observed in other estuarine and coastal
systems (Blough and Del Vecchio, 2002; Del Vecchio and Blough, 2004;
Hong et al., 2005; Bélanger et al., 2006; Chen et al., 2007, 2015;
Granskog et al., 2007, 2012; Astoreca et al., 2009; Matsuoka et al.,
2009, 2012; Xie et al., 2012a; Xu et al., 2018). Statistically, the values
of slope and intercept from their correlations were similar for the data
from the stations in categories I and III, indicating that CDOM prop-
erties in these two regions may be optically similar. That is to say, the
CDW could reach the middle shelf of the ECS. The data of the sampling
stations in categories IV-VI were scattered and no significant correlation
was found between a280 and salinity (Fig. 6a), suggesting that auto-
chthonous production rather than terrestrial inputs played a major role
in influencing the CDOM concentration in the WET and the offshore
ECS. Fig. 6b shows that values of S275–295 were relatively constant in
low salinity waters, while in high salinity waters values of S275–295
varied within a relatively large range. Similar results were also ob-
served in other studies (Granskog et al., 2007; Astoreca et al., 2009).
This suggested that the mean CDOM molecular weight was relatively
uniform in low salinity regions, while in high salinity regions CDOM
degraded sufficiently and/or originated from various sources (Brown,
1977; Gao and Zepp, 1998; Stedmon and Markager, 2001). Fig. 6b also
shows that the S275–295-salinity relationships at sampling stations of
categories I and II followed the two-end member conservative mixing
behavior, with significant but nonlinear relationships between salinity
and S275–295 (R2> 0.20, P < 0.001).

CDOM can be produced/released by phytoplankton and its con-
tribution can account for CDOM variability observed in marine en-
vironments (Chen et al., 2004b; Astoreca et al., 2009). In the inner shelf
of the ECS, significant positive correlations (P < 0.001) were observed
between Chl a and a280 (category I: R2 = 0.42, category II: R2 = 0.36;
Fig. 6c), manifesting that, besides terrestrial input, phytoplankton may
be also an important source for CDOM (Matsuoka et al., 2012; D'Sa
et al., 2014). However, previous studies pointed out that the correla-
tions between Chl a and absorption coefficient were likely from a co-
incidence between high concentrations of Chl a and CDOM, both of
them resulted from terrestrial input, rather than an inherent cause-and-
effect relationship between Chl a and CDOM (Rochelle-Newall et al.,
1999; Rochelle-Newall and Fish, 2002; Chen et al., 2007). In this study,
subsurface CDOM maxima usually occurred (Fig. 5a-f), not associated
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with low salinity water but probably associated with subsurface Chl a
maxima (Fig. 3; Fig. 5a-f). When only the CDOM data in the subsurface
maximal layer were plotted against Chl a, a significant positive re-
lationship between them was found (P < 0.01, R2 = 0.33). This at-
tested the in situ origin of CDOM from phytoplankton, which has also
been observed in other studies (Chen et al., 2004b; D'Sa et al., 2014).
For the sampling stations in categories III-VI, however, no significant
correlations were found between a280 and Chl a (Fig. 6c), suggesting a
decoupling of phytoplankton from CDOM. This may indicate that, in
offshore regions of the ECS and the WET, other processes, such as
photobleaching (Swan et al., 2012), could significantly influence the
distribution of CDOM in the water column.

Natural solar radiation could be an important removal mechanism
for CDOM (Hulatt et al., 2009; Swan et al., 2012; Xie et al., 2012b).
Photochemical degradation can decrease the absorption coefficient and
change the CDOM pool to low molecular weight, biologically labile
compounds (Mopper and Kieber, 2002; Hulatt et al., 2009; Zhang et al.,
2009; D'Sa et al., 2014). In turbid water, the UV-photic zone for pho-
tobleaching rarely exceeds 10 cm (Kowalczuk et al., 2003). Therefore,
photobleaching in the nearshore waters of the ECS was inefficient and
its effect was masked by water mixing (Fig. 5; Fig. 6a). In the WET,
photobleaching effect becomes evident because the turbidity in this

region is much lower compared with that of the ECS (Zeng and Hong,
1980). Besides, the less CDOM in the photic zone of the WET (Fig. 4a;
Fig. 5e and f) meant that per unit CDOM could receive more photons.
These two factors may both contribute to the generally high spectral
slopes in the upper water layer (< 300m) of the WET (Fig. 5k and l).

The S275–295–a280 relationship revealed a significant negative cor-
relation (P < 0.001) at the sampling stations in different categories
when using a nonlinear regression equation as S275–295 = y0 +b/a280
(Stedmon and Markager, 2001; D'Sa et al., 2014; Fig. 6d). Although the
wavelength range for the determination of spectral slope or absorption
coefficient in this study differed from that in Stedmon and Markager
(2001) and D'Sa et al. (2014), similar trends were gained. As shown in
Fig. 6d, for the data of the sampling stations in categories I-VI, the
S275–295–a280 relationship was S275–295 = 0.019+0.010/a280 (R2 =
0.67), S275–295 = 0.017+0.012/a280 (R2 = 0.78), S275–295
= 0.022+ 0.006/a280 (R2 = 0.38), S275–295 = 0.022+0.007/a280 (R2

= 0.31), S275–295 = 0.020+ 0.008/a280 (R2 = 0.39), and S275–295
= 0.015+ 0.008/a280 (R2 = 0.31), respectively.

Fig. 4 shows that the river inputs brought high concentrations of
CDOM with high molecular weight materials to the coastal regions of
the ECS and the decrease in both CDOM molecular weight and con-
centrations primarily resulted from the dilution of sea water which had

Table 2
CDOM properties of the sampling stations in different categories.

I II III IV V VI

a280 (m−1) Range 0.50–4.58 0.32–3.74 0.54–2.74 0.26–4.19 0.43–3.65 0.16–3.48
Mean± SD 1.78 ± 1.17 1.14 ± 0.77 1.30 ± 0.70 0.89 ± 0.78 1.28 ± 1.03 0.61 ± 0.59

S275–295 (nm−1) Range 0.018–0.040 0.015–0.065 0.017–0.038 0.014–0.056 0.016–0.044 0.015–0.092
Mean± SD 0.027 ± 0.007 0.033 ± 0.011 0.028 ± 0.005 0.034 ± 0.010 0.031 ± 0.009 0.034 ± 0.016

Fig. 6. Relationships between different parameters of the sampling stations in different categories.
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relatively low molecular weight and low concentrations of CDOM.
Therefore, a significant negative correlation between a280 and S275–295
was expected at the stations in categories I-III, where near-conservative
mixing of CDOM was found (Fig. 6a). For stations in the rest of the
categories, instead of terrestrial inputs, photobleaching and in situ
phytoplankton production could be responsible for the negative corre-
lation between a280 and S275–295, because photobleaching could pro-
duce CDOM with low a280 values and high S275–295 values and phyto-
plankton production could produce CDOM with high a280 values and
low S275–295 values (Fig. 5; Swan et al., 2012; D'Sa et al., 2014).

4. Conclusion

CDOM absorption properties had various characteristics in different
regions of the ECS shelf and the WET owing to the impact of different
water masses and other factors. In the nearshore waters of the ECS
shelf, absorption coefficients (a280) had generally high values and the
spectral slopes (S275–295) of this area were generally low; vertical dis-
tributions of a280 and S275–295 in this area varied to some extent. In the
offshore waters of the ECS shelf, the values of a280 were relatively low
and S275–295 were relatively high; vertical distributions of a280 and
S275–295 in this area were relatively stable. In the WET where the main
path of the KC flows through, the values of a280 were generally low in
both surface and deep waters; the values of S275–295 in the upper waters
of this region (<~ 300m) were relatively high compared with those in
deep waters. Terrestrial input, phytoplankton production, sediment
release or photobleaching were supposed to be responsible for the dy-
namics of CDOM in the study area. The sampling stations in this study
were classified into six categories to make a further examination of
CDOM properties and to trace the spatial distribution of water masses.
Relationships between the CDOM related parameters supported some of
the aforementioned conclusions. In addition, the spatial variation
characteristics of CDOM absorption properties also provided a clue that
the influence of the CDW could reach the outer shelf of the ECS and the
intrusion of the KC could reach the middle shelf of the ECS in the
southern part of the study area.
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